The power disturbances in the transmission system can be controlled and reduced by using unified power flow controller (UPFC). UPFC is used for controlling power flow in electrical transmission system. In this paper an algorithm for optimizing and smart controlling of UPFC, using an artificial neural network controller (ANNC) and a Binary Particle Swarm Optimization (BPSO), is proposed for smarting transmission system. The proposed algorithm controls the parameters of the UPFC. Therefore, a best performance of the UPFC is achieved and the transmission losses are minimized at different load conditions and variation of generation. Matlab is used for simulating the proposed algorithm and the test system. The results show that the UPFC using the proposed algorithm effectively act the proposed requirements.
I. INTRODUCTION
Flexible AC transmission systems (FACTS) are the attractive alternatives for increasing the transmission capacity at high transmission levels. Due to the rapid growth in power electronics technology, FACTS devices are proposed recently for existing transmission facilities. Unified power flow controller (UPFC), as one of the FACTS devices, is considered to have the most powerful capability to control the power flow. Therefore, UPFC is used for increasing system performance. UPFC is able to control the power flow, mitigate the system oscillations, regulate the voltage, and enhance the transient stability [1, 2] .
Mathematical modeling of UPFC is developed for determining the dynamic behavior of emerging solution for the power flow problems in the system [2, 3] . For systems without power system stabilizers, power controller design is used to achieve effective damping. Different control methods are introduced for UPFC as conventional control, genetic algorithm (GA) [4] , fuzzy logic (FL), and artificial neural network control (ANNC) methods [5] .
In [6] a control variable is generated using ANNC to control the sending end voltage. In [7] an adaptive ANNC is used for damping of low frequency oscillations of UPFC. Published Also, UPFC is used as an active power filter by applying ANNC in [8] . The real and reactive powers are modified using compensation controller of UPFC in [9] . In [10] the optimal location is reducing total power losses and consequently maximizing the net saving. According to the authors' survey, the previous researches not including are studies for two tasks; to determine the best optimal location and to achieve the best parameters of UPFC. Therefore, in this paper, the UPFC optimal location is determined by Binary Particle Swarm Optimization (BPSO) to maintain the voltage of all buses within the designed limits during various conditions. Furthermore, ANNC is designed to control the UPFC parameters to inject the firing angles and generate the tuned pulses, for achieving the UPFC best performance. So, the transmission losses can be minimized. Fig. 1 illustrates the UPFC model. It contains two-voltage source converters, one in shunt and the other in series in the transmission line, and DC storage. This configuration facilitates active power flow between AC terminals. Each converter independently generates or absorbs reactive power at AC terminals [11] . The controllable injected voltage of series converter controls the voltage magnitude V and the angle δ+θ. Also, the reactive power is generated or absorbed by the shunt converter. The power flow through the controlled line depends on the adjustable voltage and adjustable VAr compensator [12] . The power flow depends on the voltage at the sending-end
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, the line parameters (KX), and voltage at the receiving-end V2 . UPFC is considered the link between the sending voltage and receiving voltage buses of Basically, UPFC controller is divided into internal and external controls. The internal control produces the series injected voltage by the two inverters and the desired shunt real and reactive currents (Ish) by controlling a proper output voltage. The external control is responsible for generating the voltage. The external control regulates the controlled system variables, as real and reactive powers (P,Q). The external control solves non-linear equations to get the reference voltages requested from internal control.
UPFC based on the PI controller is prone to severe dynamic interaction between active and reactive power flow [14] . In this paper, the PI internal controller is replaced by a proposed ANNC for improving the performance of UPFC by determining the best of UPFC parameters. The external control uses a proposed BPSO to determine the optimal location of UPFC.
III. MODELING OF THE PROPOSED ALGORITHM
The proposed algorithm model consist of UPFC detailed model and the proposed algorithm methodology.
A. UPFC detailed model Fig. 2 shows the model of UPFC controller which consists of the shunt controller and the series controller. The UPFC connects between B1 and B2 in the system. B1 is fed from the source and B2 feeds the load.
The inputs to the model are the three phase voltages of B1 and B2, the three phase currents of shunt and series, and the DC voltage. Also, the outputs of the model; the required injected voltage; (vb1, vb2, vb11, and vb3), can be determined from to controller. These values will be used in the proposed algorithm methodology as input data.
The injected power functions which are used in the proposed algorithm are listed in the following steps by equations (1) and (2) . The injected power depends on the injected voltage and angle by shunt inverter:
where: Psh : the injected active power by the shunt inverter Qsh : the injected reactive power by the shunt inverter δi : the phase shift angle at bus i δsh : the phase shift angle by the shunt inverter i : The bus number Xsh : the reactance by the shunt inverter Vsh : the injected voltage by the shunt inverter Vi : the injected voltage at bus i Fig. 3 shows that the voltages measurement; voltage at sending end (V1) and injected voltage of series converter (V) and the reactive current (Ish) are the inputs to the PQ measurement system. It can be seen that the voltage and the current measurement elements convert the measurement values to direct component (d) and quadrature component (q). according to equations (3) The PQ measurement block computes active power (P) and reactive power (Q) based on the values of direct This are derived from reactive reference (Qref), active power reference (Pref), frequency (f), and three phase voltage line at sending end (V1abc). Therefore, the required firing angle are generated of the series converter. Fig. 5 shows the calculations of required current such as the reactive current reference (Iqref), reactive current (Iq) in quadrature components for shunt converter. This depends on the measurement system where Iq, Iqref, P, and, Q are calculated. This are determined from PQ computation of Qref, Pref, P, and Vabc. Therefore, the required firing angle is generated of the shunt converter.
These components are used as input for the program of the proposed algorithm after the training stage. The training procedure of ANN for the pulses of both series and shunt converters. Therefore, the injected voltage in series converter and the required injected reactive current in shunt converter can be determined.
B. The proposed algorithm methodology
The most useful applications for smart operation of the transmission system are fast wide area control [15] . Therefore, fast controllers are needed. Because of their expense, the number and type of FACTS must be carefully selected, but this would be easier to do once the controller optimizes the overload in transmission lines and plan the reactive power to adjust the bus voltage [16] . In this paper, a proposed algorithm is introduced for optimizing and smart controlling of UPFC, using BPSO and ANNC, is proposed for smarting transmission system. The proposed algorithm locates the optimal location and controls the parameters of the UPFC. Therefore, a best performance of the UPFC is achieved and the transmission losses are minimized at different load conditions and variation of generation. The objective function is given in equation (5). The equality constrains are given in equation (6), and the inequality constrains of active power, reactive power and voltage are given in equation (7) . Also, the constrains of maximum power flow in transmissions lines is given in equation (8). The proposed algorithm is implemented to optimize the power flow, to minimize overload transmission lines, to plan reactive power, and to adjust the voltage of buses by using BPSO.
It does not only optimize the required reactive power at the two buses which UPFC is to be connected between according to their voltages, but also according to the buses which are not connected to it.
Then, the injected/absorbed reactive powers for the controlled buses are determined. The amount of voltage and angle to be injected and the optimal location for UPFC in the system are identified by using BPSO [17] and the minimization of total power losses in transmission line is achieved.
In the third sub-program, the required active power and reactive power according to the optimized voltage and controlled buses are determined. It can be seen that in this part the UPFC can be selected to operate as single unit; STATCOM or SSSC or to operate as a double controller.
In the fourth sub-program, ANNC determines the best parameters of UPFC depending on the optimal location of UPFC that determined by BPSO, which are calculated in the previous sub-programs. Furthermore, the minimization of the total power losses in proposed in this sub-program. Fig. 7 shows the proposed ANNC layers which consist of two input layers; the active power Pp and the reactive power Qq, two output layers; the firing angle generator of series converter (αs) and the firing angle generator of shunt converter (αsh), and twenty hidden layers. The proposed ANNC is trained based on the training dataset given from the power flow with UPFC. Here, αs and αsh are the output to the network are depending on the input (Pp, Qq). Fig. 8 illustrates the 14-Bus IEEE test system [18] . The voltage of the generating buses is 230kV, for transmission purpose, with a base of 100 MVA. UPFC is given between the buses B5 and B2.
Shunt and series converters of UPFC are exchanging power through a DC bus. The series converter can inject a maximum 10% of nominal line-to-ground voltage in series with this line. The shunt converter is connected at B2 and series converter is between B5 and B2.
MATLAB is used to implement the proposed algorithm on the 14-Bus IEEE test system. BPSO is used to determine optimal values of local best (pbest) and global best (gbest), active and reactive powers at steady state condition (Ppdes, Qqdes) and active and reactive powers at abnormal states condition (Pp, Qq), series voltages in steady and abnormal states (Vssk, Vssf), and shunt voltages in steady and abnormal states (Vsk, Vsf). Fig. 8 the voltage at all buses to keep the voltage within acceptable limits from 0.9 pu to 1.1pu. Fig. 9b shows the voltage of buses with load variations when B2 generation is 100 MW and 35 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. It can be seen that the proposed algorithm improves the voltage at all buses to keep the voltage within acceptable limits from 0.9 pu to 1.1pu. Fig. 9c shows the voltage of buses with load variations when B2 generation is 30 MW and 15 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. It can be seen that the proposed algorithm improves the voltage at all buses to keep the voltage within acceptable limits from 0.9 pu to 1.1pu. Also, a different condition is used with upper voltage constrain of 1.05 pu as given in the Fig. 9d . It is noted that the proposed algorithm success in adjusting within the new limits. Fig. 10a shows the active power variation with load variations when B2 generation is 120 MW and 45 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. Fig. 10b shows the active power variation with load variations when B2 generation is 100 MW and 35 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. Fig. 10c shows the active power variation with load variations when B2 generation is 30MW and 15 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. It can be seen that the active power values at all buses are determining within constrains by using the proposed BPSO and ANNC -based algorithm of UPFC. a) at generation of 120MW& 45Mvar b) at generation of 100MW& 35Mvar c) at generation of 30MW& 15Mvar d) at generation of 120MW& 45Mvar with upper votageconstrains1.05pu Fig. 9 Voltages due to different loads at B3 and different generation at B2 c) at generation of 30MW&15Mvar Fig. 11 Reactive power due to different loads at B3 and different generation at B2 Fig. 11a shows the reactive power variation with load variations when B2 generation is 120MW and 45 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. Also, Fig. 11b shows the reactive power variation with load variations when B2 generation is 100 MW and 35 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. Furthermore, Fig.  11c shows the reactive power variation with load variations when B2 generation is 30 MW and 15 Mvar. The load variation values at B3 are 100%, 110%, and 120% of the full load. It can be seen that the reactive power values at all buses are determining within constrains by using the proposed BPSO and ANNC -based algorithm of UPFC. The proposed algorithm enhances the active power flow and the reactive power flow. Fig. 12a gives the total power losses during various load conditions without and with using the proposed BPSO and ANNC-based algorithm of UPFC. It can be seen that the proposed algorithm reduces the total power losses from 0.083 pu to 0.082 pu at full load, with the generator at B2 of 120 MW and 45Mvar, from 0.084 pu to 0.083 pu at generator of 100 MW and 35 Mvar and from 0.089 pu to 0.087 pu at generator of 30 MW and 15 Mvar.
Furthermore, when the load is increased, Fig. 12b gives the total power losses without and with using the proposed BPSO and ANNC -based algorithm of UPFC. It can be seen that the proposed algorithm reduces the total power losses from 0.086 pu to 0.084 pu at 110% loading, with the generator at B2 of 120 MW and 45 Mvar, from 0.088 pu to 0.085 pu at generator of 100 MW and 35 Mvar, and from 0.092 pu to 0.090 pu at generator of 30 MW and 15 Mvar. Fig. 12c gives the total power losses without and with using the proposed BPSO and ANNC -based algorithm of UPFC. It can be seen that the proposed algorithm reduces the total power losses from 0.089 pu to 0.086 pu at 120% loading, with the generator at B2 of 120 MW and 45 Mvar, from 0.09 pu to 0.087 pu at generator of 100 MW and 35 Mvar, and from 0.095 pu to 0.092 pu at generator of 30 MW and 15 Mvar.
Depend on the simulation results, the proposed algorithm acts to give the better performance for system response to different values of load and different values of generator; the voltage is improved and the total losses are reduced. a) at load is full load b) at load is 110% loading c) at load is 120% loading Fig. 12 Total Power Losses due to different generation at B2 and different load at B3
V. CONCLUSIONS
A proposed algorithm of UPFC for smart transmission system is introduced in this paper. The introduced algorithm is based on BPSO and ANNC. The optimal location of the UPFC device is determined using BPSO and the best parameters for the selected UPFC device, is calculated using ANNC.
The proposed algorithm is designed, trained, and tested to achieve the optimal solution. The IEEE14-bus test system model in Matlab/Simulink is used for verification of proposed algorithm. The proposed algorithm acts two required tasks; firstly, adjusting the voltage at the system buses within the acceptable limits, and secondly, minimizing the total losses in the transmission lines. The proposed algorithm successes at different values of loads and different values of generation. Therefore, it is concluded that the proposed algorithm can be used for smarting transmission system. The results show that the proposed algorithm successes to effectively do the required tasks.
